but not CA1 region, was increased with procedural mismatch between the first and second learning events (Figure 1 ). This suggests that the ACC may be critical in monitoring and detecting the differences in learning events, and may subsequently instruct the specific cellular mechanisms engaged by HPC when learning a new event.
As the ACC may be critical in disambiguating the similarity between training procedures, the authors then pharmacologically targeted the ACC during the consolidation time window following an initial training experience. While this intervention did not impact subsequent recall of the first learning experience, second learning became NMDAR-dependent. This suggests that while the ACC was not required for the explicit retrieval of the memory for the first training experience, some aspects of the memory (possibly the procedure or temporal delay of conditioning-stimulusunconditioned-stimulus association) were stored there to allow the animal to classify the second memory as similar versus dissimilar.
This elegant work by Finnie and colleagues provides a definitive account of when NMDAR-dependent versus NMDAR-independent learning occurs. However, one major mystery remains. Which NMDAR-independent learning mechanisms are engaged during second learning, or more broadly, schematic learning situations? Another new study provides some strong hints. Using the same two-learning, contextual fear conditioning procedures, Crestani and colleagues [14] find that contextual fear conditioning increases the intrinsic excitability of CA1 pyramidal neurons. These excitability increases were limited to the presumed encoding neuronal population (i.e., neurons tagged with an activity-dependent fluorescent protein during training, 'engram neurons'), and persisted for several days. Critically, second learning (of an alternative context) re-engaged this same neuronal population if it occurred within the window of increased excitability. Therefore, neuronal excitability provides a mechanism for linking two learning events -and ensures that they are encoded in overlapping neuronal populations (see also [15] ). Moreover, Crestani and colleagues went on to show that the second learning event, if it occurred within the window of increased excitability, became dependent on metabotropic glutamate receptor activation instead of NMDARs. Together, these studies identify the molecular underpinnings of schematic learning that may be the rule, rather than the exception, in everyday life. Two distinct variations in the promoter of a key flowering time gene were selected during the spread of maize from its tropical origin to northern North America.
Maize was domesticated from the wild tropical grass teosinte around 9,000 years ago, in the Balsas River valley southwest of Mexico City [1] . The distribution of teosinte is restricted to tropical areas of Mexico and Central America [2] , whereas Native Americans spread maize far from its center of origin north to Canada and south to Chile before the arrival of Columbus [3] . The genetics of maize domestication are well documented; a handful of genes with large effects on growth habit and reproductive morphology have been identified [4] . Sequence differences at these genes (or in their regulatory regions) explain much of the change from highly branched teosinte plants with numerous female spikes each containing a single row of easily dispersed hard-coated seeds to maize plants with a single main stem bearing a few female ears, each containing many rows of non-dispersing 'naked' and ready to eat seeds. Remaining unexplained is how tropical maize, after its domestication, became adapted to the long daylengths and short growing seasons of higher latitudes. A paper by Guo et al. [5] in this issue of Current Biology demonstrates that two sequence changes in the regulatory region of the key flowering time gene ZCN8 were selected at different points in the history of maize, leading to earlier flowering plants adapted to temperate growing regions encountered as ancient humans moved maize northward from its origin, leading eventually to the highly productive Corn Belt varieties of the Midwestern USA.
The search for genes controlling differences between early and late flowering maize varieties has been undertaken using genetic analysis and molecular biology studies of maize homologs of flowering time genes identified in model plant species. Genetic analyses are based on measuring differences in flowering time of segregating mapping populations or panels of diverse collections and combining trait information with DNA sequences and markers to identify genomic regions (and in a few cases specific genes or even sequence variation) affecting the trait. Numerous linkage and association mapping studies in maize have identified many genomic regions with effects on flowering time, demonstrating the complexity of natural variation for genetic control of this trait [6] [7] [8] .
Despite the wide range of flowering time in cultivated maize varieties, the largest individual gene effects in maize alter flowering time only by a few days, unlike wheat, rice, and sorghum, in which a few genes have dramatic and outsized effects on flowering time [6] . The relatively small effects of individual genes on natural variation for flowering time in maize make the precise identification of causal sequence variation quite difficult.
Genetic analyses were complemented by studying expression of homologs of Arabidopsis flowering time genes in maize. Of particular interest are homologs of FT, which encodes a phosphatidylethanolamine-binding protein that acts as a 'florigen': a mobile signal that moves from leaves to the apical meristem and triggers the transition from vegetative to reproductive growth phases [9] . Interactions among several regulatory pathways are integrated into the control of FT expression, which represents nearly the culminating step in the switching of development to the reproductive phase [10] . In maize, 25 members of a gene family related to FT were described; of these, only Zea Centroradialis 8 (ZCN8) has the tissuespecific and developmental stagespecific expression expected of a florigen [11] . Furthermore, its protein physically interacts with the delayed flowering 1 (DLF1) protein, replicating the interaction of the FT protein with the b-ZIP protein encoded by flowering locus D (FLD) required to activate floral identity genes in Arabidopsis [11] . ZCN8 expression also correlates with earlier flowering times across different maize and teosinte varieties, and is affected as expected by day length in varieties with photoperiod-sensitivity [12, 13] .
The genetic and molecular lines of evidence for the importance of ZCN8 intersect: the ZCN8 genome region was associated with flowering time in multiple genetic mapping populations; however, the resolution of these studies was not sufficient to rigorously exclude the effect of linked genes [6, 14] . The current study by Guo et al. [5] provides a compelling demonstration of the causal influence of sequence variation in the regulatory region of ZCN8 on natural variation for flowering time in maize, and adds insight into the evolutionary history of this variation before and after the domestication of maize. Mendelian segregation in multiple populations derived from crossing teosinte to maize demonstrates that the maize allele at the chromosomal region including ZCN8 is associated with about two days earlier flowering than the teosinte allele. A single nucleotide polymorphism (SNP) in the promoter of ZCN8 was precisely associated with flowering time variation across a diverse maize inbred line population. This same SNP was the only sequence variation in the ZCN8 region that coincided exactly with the allelic differences in flowering time between all of the parents of the teosinte-maize mapping populations, implicating this single base-pair difference as the cause of the flowering time difference.
Examination of plants with nearly identical genetic backgrounds but differing for the candidate promoter SNP variant demonstrated that the SNP allele associated with earlier flowering was also associated with higher levels of ZCN8 expression, congruent with its suspected role in promoting flowering time as a florigen. Further, Guo et al. [5] showed that this SNP affected the ability of the upstream regulator ZmMADS1 transcription factor protein to bind to the ZCN8 promoter and up-regulate ZCN8 expression. Taken together, the genetic and molecular biology evidence pinpoint ZCN8 as an important regulator of flowering time in maize and identify this single base change in its promoter as a key difference between early and late flowering alleles of the gene.
Did this early flowering SNP arise in maize after it had already spread out of its center of origin? To answer questions regarding the origin and evolutionary history of the allelic variation at this promoter SNP, it was assayed in a diverse sample of teosinte and maize plants representing the pre-Columbian geographic distribution of maize in the Americas. Intriguingly, the early flowering SNP exists in 24% of teosinte taxa surveyed, suggesting that it was a standing variant in teosinte even before the domestication of maize. The early flowering SNP allele rose to 92% frequency in maize landrace (farmer-selected) populations (Figure 1 ) and to 96% in temperate maize inbred lines (selected by professional breeders), implying that it was strongly selected for soon after domestication, very early during the spread of maize out of its center of origin. The advantage of the early flowering allele in short season, high latitude environments is obvious, but why was this early flowering allele selected so strongly even in tropical environments where early flowering is not necessarily advantageous? Guo et al. [5] suggest that the early flowering allele at ZCN8 is also associated with fewer, larger ears, such that its selection Figure 1 . Distribution of functional haplotypes at ZCN8 in the progenitor teosinte subspecies, a weedy teosinte subspecies, and in maize landrace populations adapted to northern USA and Canada. Adapted from [2] and [5] .
may have been due originally to its effect on ear and plant morphology rather than on flowering time. A three base-pair deletion variant about 1,000 bases from the SNP variant in the ZCN8 promoter was also associated with flowering time in the diversity panel and higher expression of ZCN8. The deletion variant that is associated with earlier flowering does not occur in the teosinte subspecies that is the progenitor of maize, but it does occur in a weedy teosinte relative, from which gene flow has resulted in introgression into maize [15, 16] . This deletion variant occurs at low frequency in tropical maize populations, but has been selected to higher frequency in northern temperate maize (Figure 1 ). Thus, it is likely that the deletion variant was selected for its effect on earlier flowering time and perhaps resulted from introgression from the weedy relative rather than the progenitor teosinte.
Finally, Guo et al. [5] assayed allele frequencies at the known causal variations at four flowering time genes in maize: ZmCCT9 [17] , ZmCCT10 [18] , Vgt1 [19] , and the two variants at ZCN8 described in their paper. Remarkably, all of these variants are in the regulatory regions of the genes, and all except the SNP variant at ZCN8 showed an increase in frequency related to northward, but not southward, distance from the center of maize origin. Collectively these variants explain a significant amount of the natural variation in flowering time related to the expansion of maize from Mexico into present day USA and Canada. Other variants must be important in the expansion and adaptation of maize to southern South America. Analysis of allelic variation at these loci in 1,900-year-old maize cobs from Southern Utah demonstrated that these ancient plants carried all of the early flowering alleles except at Vgt1, supporting the conclusion that the ZCN8 variants were common in maize early in its geographic expansion. Complicating this narrative, a sample of two 5,000-year-old cobs from Southeastern Mexico, representing a much earlier generation of maize, possessed the early flowering alleles at ZmCCT9 and 10 but not at ZCN8, raising doubts about the timing of selection events at ZCN8. Inference must be limited from these small samples; however, evolutionary inferences from modern maize collections with largely unknown histories of migration and interbreeding should also be made carefully. A time machine allowing modern scientists to obtain intact ancient population samples would be helpful for unravelling the evolutionary history of maize. In the absence of such technology, we have still learned a surprising level of detail from studies like that by Guo et al. [5] about the natural variation for genetic control across several key and interacting regulatory pathways of a critical adaptation trait for one of the most important staple crops.
